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METHOD OF DETERMINING THE
COMPLEX PULSE RESPONSE OF A RADIO
SYSTEM

This is a continuation of application Ser. No. 969,929,
filed Oct. 29, 1992, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a method of deter-
mining complex pulse response of a radio channel, for
instance the pulse response of radio channels of a digital
mobile radio network (GSM network).

2. Description of the Prior Art

In radio networks in which radio signals are transmitted
from one or several transmitters to a receiver, multipath
propagation will result in interferences which may be
expressed by the so-called complex pulse response of the
‘radio channel. In digital mobile radio networks such as the
so-called GSM radio networks such interferences due to
multipath propagation appear as so-called inter-symbol
interferences. When the pulse response of the radio channel
is of longer duration than the duration of the bits transmitted
via the radio channel, signal components of the received
signal which form part of a symbol suffer from interference
by components of previously transmitted symbols.

It has been known for measuring the complex pulse
response to feed a special test signal by way of a specific
standard signal generator into the radio channel to be
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measured and to determine the pulse response of the radio

channel through the received signal as measured at the
receiver by correlation with the transmitted test signal. This
1s disclosed in the following prior art references:

(S. Hermann, U. Martin, R. Reng, H. W. Schiif}ler, K.
Schwarz: “Ein System fo6r Ausbreitungsmessungen in
Mobilfunkkanilen-Grundlagen und . Realisierung”,
Kleinheubacher Berichte No. 34 (1991), pp. 615-624;

G. Kadel, R. W. Lorenz: “Breitbandige Ausbreitungsmes-
sungen zur Charakterisierung des Funkkanals beim
GSM-System”, Frequenz No. 45 (1991) pp. 158-163;

W. Plagge, D. Poppen: “Neues Verfahren zur Messung der
KanalstoPfantwort und Trigersynchronisation in digi-
talen Mobilfunkkanilen”, Frequenz 44 (1990) pp.
217-221; and

J.-P. de Weck, J. Ruprecht: “Real-Time ML Estimation of
Very Frequency-Selective Multipath Channels”, IEEE
Global Telecommunications Conference GLOBE-
COM’90, (December 1990).

The known measuring method requires a special standard
signal generator at the transmitter end and is operative on
condition that an unused radio channel is available. There-
fore the known method is relatively expensive.

SUMMARY OF THE INVENTION

It 18 an object of the present invention to provide a
simplified method of determining the complex pulse
. response of a radio channel, in particular a method in which
an additional standard signal generator is not required.

The object is achieved by a method of the present inven-

tion for determining the complex pulse response b of a radio
channel, especially in a digital mobile radio network. From
a selected signal portion of the wanted signal transmitted via
the radio channel, the matrix S of this signal portion is
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determined at the transmitter end from preset data of this
signal portion or from sample values obtained by sampling

this signal portion. At the receiver end the vector _e} of this
signal portion is determined by sampling this selected signal
portion. The pulse response is calculated by linear transfor-
mation in accordance with the following relationship:

R=(5"T.5) 15T e

where S™7 is a transposed complex conjugate matrix of the
matrix S. |

In an advantageous development of the present invention
a correction factor o with a diagonally dominant matrix E is
inserted in the calculation of the pulse response in accor-
dance with the relationship: |

=S S+oE ST e

In a further advantageous development of the present
invention the training sequence signal portion of the mobile
radio network is used as the selected signal portion for
determining the pulse response of a radio channel of the
digital mobile radio network.

In a further advantageous development of the present
invention the pulse response is calculated by linear trans-
formation in accordance with the following relationship:

h=s"T(S-S"T+No? E) - e

where S™7 is a transposed complex conjugate matrix of the
matrix S,N is the number of columns in the matrix S, o is a
standard dewviation of input noise and E is a diagonally
dominant matrix. |

In the method according to the present invention, a signal
portion of the wanted signal transmitted via the radio
channel is utilized for measuring and determining the com-
plex pulse response so that any separate standard signal
generator at the transmitter end is unnecessary. Moreover, in
the method according to the present invention any interrup-
tion of the wanted signal transmission is unnecessary, and
the measurement may be performed during normal operation
of the radio network. The method of the present invention is
especially suitable for measuring the pulse response of radio
channels of a digital mobile radio network (GSM network).
In this case 1t will be advantageous to perform the measure-
ment on one of the so-called training sequence signal
portions of the digital signal as they are defined for instance

- 1n “Recommendation GSM 05.02” of ETSI/PT 12 of Janu-

ary 1990, Section 3.4.1, for the GSM network as a digital
signal and transmitted in every frame of the digital signal at
a predetermined position as a preset signal portion.

With the method of the present invention, a periodic
repetition of the selected signal portion is not absolutely
necessary, the pulse response according to the method of the
invention may also be determined only once from a single
selected signal portion. However, it is preferred to perform
several successive measurements with repetitive similar
signal portions so that the measurement becomes more
precise. It has been found particularly advantageous to
perform this measurement with periodically repetitive signal
portions, 1.e. with signal portions which occur successively
at equal time intervals, as applicable to the mentioned
training sequence signal portion of the GSM network.

The 1nvention makes use of the recognized fact that there
1s a linear relationship between the complex pulse response,
the periodically repetitive preset signal portion of the trans-

mitted wanted signal, and the signal measured at the receiver
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end, which relationship may be expressed as a matrix
multiplication when considered in time-discrete fashion. It is
thereby possible to calculate from the preset and the mea-
sured signals the complex pulse response in a simpie way by
a linear approach, and in accordance with a further improve-
ment of the invention it has been found particularly advan-
tageous when said calculation also takes into account a
corresponding correction factor whereby errors due to noise
in the measured received signal may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are believed
to be novel, are set forth with particularity in the appended
claims. The invention, together with further objects and
advantages, may best be understood by reference to the
following description taken in conjunction with the accom-
panying drawings, in the several Figures in which like
reference numerals identify like elements, and in which:

FIG. 11s a graph of an analog signal portion of a training
sequence that is receive on a direct route;

FI1G. 2 1s a graph of a signal portion offset relative to the
FIG. 1 signal portion; |

FIG. 3 is a graph of a combined signal of the FIGS. 1 and
2 signals; and

FIGS. 4a-4d depict equations for solving the received
signals and time-discrete pulse responses; and

FIG. 5 is a block diagram of a transmitter connected to a
receiver via a radio channel in a digital mobile radio network
for use with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the digital mobile radio network GSM the bits which
are to be transmitted at the transmitter end are deformed so
that a deformed analog signal results which may be trans-
mitted on a small bandwidth due to frequency modulation
via a radio channel. FIG. 5 schematically depicts a trans-
mitter 10 connected to a receiver 12 via a radio channel 14
in a portion of the digital mobile radio network GSM. FIG.
1 1illustrates the analog signal portion between —T, and t,
known as the so-called training sequence, and other message
portions indicated in dashed lines are transmitted upstream
and downstream of this signal portion. It shall be assumed
that the pulse response of the radio channel is not longer than
T, , i.e. the propagation time of a signal which is transmitted
on an alternate route from the transmitter to the receiver
should not be longer than T, as compared to the signal which
is transmitted direct between transmitter and receiver. Since
this portion between —T, and 0 may become corrupted by
the previous unknown signal portions, only the portion
between 0 and t, of the total transmitted training sequence
i1s measured at the receiver end out of the received training
sequence, and the pulse response is calculated therefrom.

FIG. 1 illustrates the signal portion received on the direct
route, FIG. 2 shows the signal portion which is somewhat
offset by the propagation time T, relative to the first-
mentioned signal portion, and FIG. 3 illustrates the com-
bined signal which is composed of these two signal portions
and measured in the receiver. In the region between O and t,
there 1s a linear relationship between the received signal e,

the signal portion s and the pulse response T{, which
relationship may be expressed in the form of a matrix
multiplication by the equation of FIG. 4a. The columns of
the matrix S are the transmission sequences which are offset
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» w M+ ] - L]
relative to time, the vector h 1s the time-discrete pulse

.
response, and the vector e 1is the received signal.

Since in practical use the measured received signal exhib-
its more or less noise and the pulse response is not neces-
sarily always shorter than T, and errors also occur due to the
individual consideration of the continuous signals. The
relationship according to FIG. 4a is not exact, but there
holds the relationship according to FIG. 4b. Hence, for

calculating the complex pulse response Hﬁ’ from the mea-
sured values of the signal e, a linear approximation accord-
ing to the relationship of FIG. 4c¢ is used in which S is the
matrix of the predetermined training sequence s which is set
up as known per se from the vector s of the analog
transmission signal s(t), S°7 is the transposed (with inter-

changed rows and columns) complex conjugate matrix to the
—)
matrix- S, and the vector € comprises the respectively

measured samples of the received signal from 0 to t,.
In practical use, these values required for the calculation

of the complex pulse response h are for example obtained
as follows.

The predetermined training sequence portion according to
FIG. 1 between —T and t, is digitalized at the transmitter
end, i.e. from this portion 237 digital samples s1 through
s237 are for instance obtained by sampling (signal sampler
16 in FIG. 5). The values sl . . . s237 are complex. Real and
1maginary portions correspond to the in-phase or quadrature
components of an I/Q-demodulator required for the mea-
surement. From these samples the matrix S 1s then set up for
this training sequence portion in accordance with the fol-

‘lowing relationship:

s88 587 ... sl -
588 588 52

S =
5237 §236 . 8150

Another possibility of arranging the matrix S of this signal
portion according to FIG. 1 at the transmitter end consists in
that from the preset normal data (present data 26 in FIG. 5)
of the training sequence the samples s1. . . s237 of its analog
complex envelopes are calculated.

The matrix S thus determined by measurement or by

calculation is then stored in a memory means (memory 18 in

FIG. 5) of a measurement receiver.

In the measurement receiver, the training sequence por-
tion being thus preset at the receiver end before the trans-
mission of the signal, depicted in FIG. 1, from the trans-
mitter 10 to the receiver 12 set up at the receiver end the
signal portion between 0 and t, according to FIG. 3 is again
digitalized by sampling (signal sampler 20 in FIG. 5), i.e. by
means of, for example, 150 sampling operations on the
received signal, the individual complex sample values el to

€150 are determined and from these digital values the vector
_> » . . ' (] . _} L]
e of the signal portion 1s obtained, so that the vector e is

determined by the total of the sample values el to e150.
(These are again complex so that for example el=(Re(el),
Im(el) can be written.) |

In a computer (computer 22 in FIG. §) which cooperates
with the measurement receiver the complex pulse response
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h 18 then calculated in accordance with the formula speci-
fied in FIG. 4¢ from the stored matrix S, the complex

- —
conjugate matrix S™* and the vector e.

With the method according to the invention it is therefore
only required that from a signal portion of the wanted signal
transmitted via the radio channel, for instance from the
so-called training sequence portion of a wanted signal, the

matrix S thereof is determined at the transmitter end and the
._._).

vector € of the receiver-end signal portion is determined by
sampling at the receiver end and then the pulse response is
calculated therefrom by computation in accordance with the

specified equation. The calculated pulse response may then
be displayed (display 24 in FIG. §) directly as a graph or
may be stored for further use in a memory means. It is
thereby possible without any interruption of the radio traffic
operation for instance of a mobile radio network to deter-
mine and to analyze the signal transmission quality in the
various radio channels. For the measurement at the receiver
end any receiver will be suitable from the demodulated

analog signal from which as shown in FIG. 3 the vector
_}.

€ may be determined direct by sampling.
This relationship, however, will only be a good approxi-

] _} - ] =
mation for the channel pulse response. h if noise is not taken
into account. |

Hence, in accordance with a further improvement of the
present invention the pulse response is calculated by using
the relationship specified in FIG. 4d according to which an
additional positive correction factor o with a diagonally
dominant identity matrix E is inserted. Thereby, errors due
to noise 1n the received signal are compensated and optimum
noise suppression is achieved. The factor o depends on the
noise level. The larger a is selected to be, the better the
stability with respect to the influence of noise, although the
unbiasedness will deteriorate with increasing o. Therefore
the correction factor e is matched with the respective receiv-
ing situation. For example, the input noise may be estimated
by way of the received level, in case of a low incoming-
signal level greater noise is assumed and hence the factor o
is selected to be correspondingly larger. For a noise com-
ponent of up to 30%, o is between O and 1. In case of low
noise very small values for o will already suffice in order to
desensitize the method against these interferences (for a 1%
noise component o=0.001).

When the described improvement is used, the resulting
matrix according to FIG. 44 will immediately be stored in
the memory of the measurement receiver, the matrix having
been formed by computation of the initially established
matrix S. Thereby the subsequent calculation of the pulse
response 1s facilitated.

According to a further embodiment of the method of the

_).
present invention the complex pulse response h is calcu-

lated according to the formula: h=S*T (S-S™T4N o2 E)!

e . For this formula the matrix S and the transposed complex
conjugate matrix S are determined; additionally the num-
ber N of the columns of the matrix S is determined (in the
example of the matrix S given above, N=88); and the
standard deviation ¢ of the input noise is determined. For
this the input noise at the receiver is measured which has a
symmetrically Gaussian distribution of the real and imagi-
nary portion. The standard deviation ¢ of this symmetrical
Gaussian distribution is calculated from this measured input
noise according to known mathematics (for instance see I
N. Bronstein, K. S. Semendjajew, Taschenbuch der Math-
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ematik B. S. B., B. G. Teubner Verlagsgesellschaft, Leipzig
1985). E is again diagonally dominant identity matrix. By
this formula the errors due to noise in the received signal are
compensated and optimum noise suppression is achieved.

- 'The invention 1s not limited to the particular details of the
method depicted and other modifications and applications
are contemplated. Certain other changes may be made in the
above described method without departing from the true
spirit and scope of the invention herein involved. It is
intended, therefore, that the subject matter in the above
depiction shall be interpreted as illustrative and not in a
limiting sense.

What 1s claimed is:
1. A method for determining a complex pulse response

h of a radio channel, comprising the steps of:

from a selected signal portion of a wanted signal for
transmission via the radio channel, determining a
matrix S of said selected signal portion at a transmitter
end of the radio channel from one of preset data of said
selected signal portion and sample values obtained by
sampling said selected signal portion;

storing, at a receiver end of the radio channel, the matrix
S; |

transmitting the wanted signal from the transmitter end to
the receiver end via the radio channel;

at the receiver end of the radio channel determining a
_>
vector e of said selected signal portion of the wanted

signal received at the receiver end by sampling said
selected signal portion; and

calculating the pulse response by linear transformation in
accordance with the following relationship:

— —>
=S 1.5 1.5 . ¢

where S™7 is a transposed complex conjugate matrix of the

matrix S stored at the receiver end.

2. The method as claimed in claim 1, wherein a correction
factor o0 with a diagonally dominant matrix E is inserted in
the calculation of the pulse response in accordance with the
relationship:

-

h=($"T.S+aE) -5 . e

3. The method as claimed in claim 1, wherein for deter-
mining the pulse response of a radio channel of a digital
mobile radio network, a training sequence signal portion of
the mobile radio network is used as said selected signal
portion. |

4. The method as claimed in claim 1, wherein said radio
channel 1s a channel in a digital mobile radio network.

S. The method as claimed in claim 2, wherein said
diagonally dominant matrix is an identity matrix.

6. A method for determining a complex pulse response
_h-a> of a radio channel in a digital mobile radio network,

comprising the steps of:
from a training sequence signal portion of a wanted signal
for transmission via the radio channel, determining a

atrix S of said signal portion at a transmitter end of
the radio channel;

storing, at a receiver end of the radio channel, the matrix
S;

transmitting the wanted signal from the transmitter end to
the receiver end via the radio channel,;

at the receiver end of the radio channel determining a
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ﬁ-*} ] n l- = -
vector ¢ that is representative of said signal portion of
the wanted signal received at the receiver end; and

calculating the pulse response by linear transformation in
accordance with the following relationship:

h=(ST.55 18T e

where S™7 is a transposed complex conjugate matrix of the

matrix S stored at the receiver end.

7. The method as claimed in claim 6, wherein a correction
factor o with a diagonally dominant matrix E i1s inserted in
the calculation of the pulse response in accordance with the
relationship:

h=(S'TS+aEy 15T ¢

8. The method as claimed in claim 7, wherein said
diagonally dominant matrix is an identity matrix.

9. The method as claimed in claim 6, wherein said matrix
S 1§ determined from preset data of said signal portion.

10. The method as claimed in claim 6, wherein said matrix
S is determined from sample values determined by sampling
satd signal portion.

11. A method for determining a complex pulse response
le of a radio channel, comprising the steps of:

from a selected signal portion of a wanted signal for
transmission via the radio channel, determining a
matrix S of said selected signal portion at a transmitter
end of the radio channel;

storing, at a receiver end of the radio channel, the matrix
S; |

transmitting the wanted signal from the transmitter end to
the receiver end via the radio channel;

at areceiver end of the radio channel determining a vector
_+
¢ that is representative of said signal portion of the

wanted signal received at the receiver end; and

calculating the pulse response by linear transformation in
accordance with the following relationship:

b=(S"T.S+aE)1-5 T e

where S 7 is a transposed complex conjugate matrix of the

matrix S stored at the receiver end, where o 1s a

correction factor and where E is a diagonally dominant
matrix. '

12. The method as claimed in claim 11, wherein for

determining the pulse response of a radio channel of a digital
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mobile radio network, a training sequence signal portion of
the mobile radio network is used as said selected signal
portion.

- 13. The method as claimed in claim 11, wherein said
diagonally dominant matrix is an identity matrix.

14. The method as claimed in claim 11, wherein said
matrix S 1s determined from preset data of said signal
portion.
 15. The method as claimed in claim 11, wherein said
matrix S is determined from sample values determined by
sampling said signal portion.

16. A method for determining a complex pulse response

h of a radio channel, comprising the steps of:

from a selected signal portion of a wanted signal for
transmission via the radio channel, determining a
matrix S of said selected signal portion at a transmitter
end of the radio channel {rom one of preset data of said
selected signal portion and sample values obtained by
sampling said selected signal portion;

storing, at a receiver end of the radio channel, the matrix
S; | |

transmitting the wanted signal from the transmitter end to
the receiver end via the radio channel;

at a receiver end of the radio channel, determining the

vector E} of said selected signal portion of the wanted
signal received at the receiver end by sampling said
selected signal portion; and

calculating the pulse response by linear transformation in
accordance with the following relationship:

h=s"T(S-S"T+No? E) - ¢

where S™ 7 is a transposed complex conjugate matrix of the

~ matrix S stored at the receiver end, N is the number of

columns in the matrix S, ¢ 1s a standard deviation of
input noise and E is a diagonally dominant matrix.

17. The method as claimed in claim 16, wherein said radio
channel is a channel in a digital mobile radio network.

18. The method as claimed in claim 16, wherein said
diagonally dominant matrix is an identity matrix.

19. The method as claimed in claim 16, wherein for
determining the pulse response of a radio channel of a digital
mobile radio network, a training sequence signal portion of
the mobile radio network is used as said selected signal
portion.
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